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(54) A cell for automated assembly of components and/or execution of operations on a piece on 
an industrial production line, and a manipulator robot used in said cell

(57) An assembly cell, for assembly of components
(C) and/or execution of operations on a piece (B) on an
industrial production line envisages a manipulator robot
(R) for transferring the pieces (B) between a conveying
line (2) and a workstation (W) in the cell. The robot (R)
includes a first manipulator and a second manipulator
(M1, M2) integrated with one another, with a fixed sup-
porting structure in common, which have two systems of

articulated arms that are movable independently of one
another in order to move a worktable (7) between a po-
sition adjacent to the conveying line (2) and a position
adjacent to the workstation (W), as well as in order to
move, in a way independent of the movement of the
worktable (7), the piece itself (B) between the position
where it is resting on the worktable (7) and the worksta-
tion (W) in the automated assembly cell.
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Description

[0001] The present invention relates to the field of cells
for automated assembly of components on pieces on an
industrial production line.
[0002] Assembly cells of the type indicated are, for ex-
ample, used in mass production of engines for motor ve-
hicles in order to assemble various components of the
engine on the engine block or on the cylinder head of the
engine.
[0003] Assembly cells of this type have already been
developed and used, provided in which is a conveying
line for feeding the pieces at input to or at output from
the cell and which are equipped with means for transfer-
ring the pieces from the conveying line to the working
position within the cell or, vice versa, from said working
position to the conveying line.
[0004] The purpose of the present invention is to pro-
vide an assembly cell of the type indicated above that
will be characterized by a high flexibility of operation in
order to enable its advantageous use even in the case
of small-scale production, and even in the case of a high
variability of the conformation of the pieces on which it
is necessary to operate.
[0005] A further purpose of the invention is to provide
a manipulator robot having a relatively simple structure
that may be used in a particularly efficient way for the
purposes referred to above.
[0006] With a view to achieving the above and further
purposes, the subject of the invention is a cell for auto-
mated assembly of components on pieces on an indus-
trial production line, comprising a conveying line for feed-
ing pieces at input to the cell and for unloading pieces at
output from the cell, and means for transferring the pieces
from the conveying line to a working position in the cell
and, vice versa, from said working position to the con-
veying line, in which said transfer means comprise a ma-
nipulator robot including: a first manipulator and a second
manipulator, which have a common supporting structure;
and mutually independent first and a second sets of ar-
ticulated arms, for moving, in an independent way, both
a worktable, between a position for picking-up from, and
unloading on, the conveying line and a position adjacent
to the aforesaid working position in the assembly cell,
and the piece itself, between a position where it rests on
said worktable and the aforesaid working position.
[0007] In use, the robot according to the invention en-
ables, on the one hand, pieces that are to be brought into
the assembly cell, or coming from the assembly cell to
be picked up from the conveying line or to be unloaded
onto the conveying line, whilst the second manipulator
is able to pick up the piece from the worktable of the first
manipulator, bringing it into the aforesaid workstation, or,
vice versa, to bring the piece back from the workstation
to the worktable. During stay of the second manipulator
in the condition for supporting the piece in a position cor-
responding to the workstation, the first manipulator is
able to maintain the worktable in a position adjacent to

the workstation. In said step, whereas the equipment or
robots envisaged in the assembly cell for performing the
operations of assembly operate on the piece that is wait-
ing in the working position, the aforesaid worktable can
also function as support-magazine for a series of com-
ponents that are to be picked up by the aforesaid oper-
ating robots and to be mounted on the piece. Once the
assembly operations are completed, the first and second
manipulators can be activated to bring the piece rapidly
back above the worktable of the first manipulator, whilst
practically simultaneously the latter finally brings the
worktable back into a position corresponding to the con-
veying line for unloading the piece at output from the
assembly cell onto the conveying line.
[0008] The subject of the present invention is also the
aforesaid robot taken in itself, provided with the first ma-
nipulator and the second manipulator described above.
[0009] A further important characteristic of the robot
according to the invention lies in the fact that the second
manipulator is provided with a flange for attachment and
support in cantilever fashion of the piece. Said flange is
supported by the manipulator in such a way as to be
orientable as desired in space. In addition, according to
a further preferred characteristic, said attachment flange
has an annular conformation, and the second manipula-
tor is shaped in such a way as to be able to present the
end face of the piece that is adjacent to the attachment
flange facing upwards. In other words, the manipulator
robot according to the invention is able to orient the piece
in such a way that any face of the piece may be "offered"
to the operating robots, without the need to detach the
piece from the corresponding attachment and supporting
flange.
[0010] In addition, a further important characteristic of
the invention lies in the fact that the first and second ma-
nipulators forming part of the robot according to the in-
vention are provided with the respective articulated arms
that move within theoretical spaces contained within one
another, in such a way that the overall dimensions of the
robot are very small.
[0011] Further characteristics and advantages of the
invention will emerge from the ensuing description with
reference to the annexed plate of drawings, which is pro-
vided purely by way of non-limiting example and in which:

- Figure 1 is a perspective view of a manipulator robot
according to the present invention;

- Figure 2 is a perspective view of a first manipulator
forming part of the robot of Figure 1;

- Figure 3 is a perspective view of a second manipu-
lator forming part of the robot of Figure 1;

- Figures 4, 5 show two further operating positions of
the robot of Figure 1;

- Figure 6 is a schematic view of an assembly cell
including the robot according to the invention; and

- Figure 7 is a view at an enlarged scale of a detail of
the feed line of the cell.
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[0012] With reference to the annexed plate of drawings
and in particular to Figures 6, 7, number 1 designates as
a whole an assembly cell, designed for automated as-
sembly of various components on the engine block B of
a motor vehicle. A conveying line 2 feeds in succession
the engine blocks B in an industrial production line to the
assembly cell 1 and is moreover used for causing the
pieces at output from the assembly cell 1 to proceed to
the next stations of the production line. The details cor-
responding to the concrete embodiment of the conveying
line 2 are here omitted in so far as said line can be made
in any known way; for example, it can be a pallet con-
veying line of the accumulation type, in which the pieces
are conveyed, for example, on a chain conveyor by
means of respective pallets, each of which supports ther-
eon a piece and can be stopped along the line to wait for
being picked up and carried into the assembly cell 1. In
said type of conveyors, the conveying chains slide un-
derneath the pallets that accumulate along the line when
these are stopped. Figure 6 also schematically illustrates
a pallet P carrying a respective engine block B thereon,
the specific structure and conformation of said pallet be-
ing described in detail in what follows. The assembly cell
1 is provided with a manipulator robot R that is able to
pick up a pallet P with the piece B thereon from the con-
veying line 2 and then convey the piece B into a position
corresponding to a workstation W in the assembly cell 1,
where one or more operating robots A of any known type
carry out the operations of assembly of one or more com-
ponents on the piece. Conversely, the same manipulator
R is able, as will be described in detail in what follows,
to bring a piece B, at the end of the operations of assem-
bly carried out in the workstation W, back again on the
respective pallet P, and then deposit the pallet P with the
piece B on it on the conveying line 2, for it to be fed to
the stations downstream of the production line.
[0013] The robot R illustrated in Figure 6 is shown at
an enlarged scale in different operating conditions in Fig-
ures 1 and 4, 5. The robot R is made up of a first manip-
ulator and a second manipulator integrated with one an-
other, which are illustrated, separately, in Figures 2 and
3, respectively, of the annexed plate of drawings.
[0014] With reference to Figure 2, a first manipulator
forming part of the robot R is designated as a whole by
the reference M1. The manipulator M1 has a fixed sup-
porting structure 3 in common with the second manipu-
lator, designated by M2 in Figure 3.
[0015] The fixed supporting structure 3 common to the
two manipulators M1, M2 has a base 3a, rigidly mounted
on which is a horizontally elongated hollow body 3b. One
end of the body 3b supports, in an oscillating way about
a horizontal axis 4, a pair of arms 5, which are connected
in rotation to one another about the axis 4 and are con-
trolled by an electric motor 6. The free ends of the arms
5 are articulated to a worktable 7, which is kept horizontal,
during the movements of oscillation of the arms 5, via a
parallel-linkage system, including an articulated arm 8,
which at one end is articulated to the structure of the table

7 about an axis parallel to, and set at a distance from,
the axis of articulation between the table 7 and the arms
5 and at the other end is articulated to one end of a crank
member 9. The crank member 9 is hinged on the structure
of one of the two arms 5 about an axis 10 and is fixed to
a second crank member 11 carrying a pin 12 guided in
an arched slit 13 made in the fixed body 3b. As already
mentioned above, the arrangement is such that, when
the motor 6 governs a simultaneous oscillation of the two
arms 5, the worktable 7 is displaced about the axis 4,
while remaining horizontal. Of course, any other parallel-
linkage arrangement that will ensure horizontality of the
table 7 during its movements may be adopted. In order
to alleviate the effort of the motor 6 when it is raising the
worktable 7 with the piece (not illustrated in Figure 2)
resting thereon, a balancing cylinder 14 is provided, of
the type traditionally used in manipulator robots with ar-
ticulated arms, which comprises a cylindrical casing 15
mounted oscillating about an axis 16 orthogonal to its
own axis on the structure 3b and having inside it a piston
(not illustrated), loaded by a spring (not illustrated) and
fixed to a stem 17, the free end of which is articulated to
one of the arms 5 about an axis parallel to, and set at a
distance from, the axis 4. The arrangement is such that
the spring contained within the cylinder 15 tends to cause
rotation upwards of the arms 5, hence reducing the effort
of the motor 6.
[0016] Thanks to the arrangement described above,
the motor 6 can be controlled to displace the table 7 be-
tween a lowered position visible in Figure 1, where the
worktable 7 is located in a position suitable for receiving
a pallet P with the piece B thereon from the conveying
line 2 or for enabling transfer of the pallet P with a piece
B along the conveying line 2, as far as a raised position
(see, for example, Figure 5) substantially adjacent to the
workstation W in the assembly cell, in which the worktable
supports the pallet P, said pallet being used as support-
magazine for a series of components C that are to be
assembled on the piece in the workstation W.
[0017] As may be seen in Figure 1, the pallet P has a
horizontal table P1 rising from which is a vertical frame
P2 (Figure 5), on which there can be slidingly inserted a
vertical frame P3 with an annular attachment flange to
which the piece B is fixed in cantilever fashion. The table
P1 is received on a roller surface carried by a structure
40 screwed on the table 7. As may be seen in Figure 7,
the conveying line 2 carries a plurality of similar structures
40 with roller surfaces, carried on each of which is a pallet
P bearing a piece B. When the line stops, the piece B
that is in front of the workstation can translate with its
pallet P into the position illustrated in Figure 7, on the
table 7, rolling on the roller surface of the two structures
40 thus aligned. The means for causing said translation
can be of any type and are not illustrated in detail herein.
[0018] With reference now to Figure 3, the second ma-
nipulator M2 has, as already mentioned above, the fixed
supporting structure 3 in common with the first manipu-
lator M1. The manipulator M2 comprises two oscillating
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arms 18, which are mounted oscillating on the fixed struc-
ture 2 about the same axis 4 of oscillation of the two arms
5 of the first manipulator M1, the arms 18 being arranged
on the outside of the two arms 5 of the first manipulator
(see Figures 1 and 4, 5).
[0019] Rotation of the two oscillating arms 18 of the
second manipulator M2 is controlled by a motor 19 situ-
ated on the side opposite to the motor 4, in a way alto-
gether independent with respect to rotation of the oscil-
lating arms 5 of the first manipulator M1. In addition, the
effort of the motor 19 is alleviated by a balancing cylinder
20 altogether similar to the balancing cylinder 14, having
a cylindrical body 21 mounted in an oscillating way about
the aforesaid axis 16 on the structure 3 and having inside
it a spring for loading of a piston fixed to a stem 22, which
is articulated to one of the two oscillating arms 18 about
an axis parallel to, and set at a distance from, the axis 4.
The free end of the two oscillating arms 18 support in
rotation about a horizontal axis 23 a cross-member 24,
rotation of which about the axis 23 is controlled by a motor
25 mounted, in such a way that it shares the same axis
23, on the end of one of the two arms 18. The cross-
member 24 in turn supports in rotation, about an axis 26
orthogonal to the axis 24, a fork-like structure, the two
branches of which are designated by 27. Rotation of the
fork-like structure about the axis 26 is controlled by a
motor 28 carried by a supporting structure fixed to the
cross-member 24. The two branches 27 of the fork-like
structure support in an oscillating way about an axis 29
two flanges 31 projecting from a gripping member 32,
which is provided with a mobile jaw 32a (governed by an
actuator of any known type, not illustrated). Said oscilla-
tion is controlled by an electric motor (not visible in the
drawings) mounted on one of the two branches 27.
[0020] Thanks to the structure illustrated above, the
second manipulator M2 is able to bring the gripping mem-
ber 32 into a position corresponding to the frame P3 when
the pallet P with the piece B thereon is located in the
position illustrated in Figure 1. In said condition, the grip-
ping member 32 grips the frame P3, after which the ma-
nipulator M2 raises and separates the frame P3 from the
vertical frame P2 (Figure 5) and then brings the piece B,
with a progressive movement of its own, through the po-
sition illustrated in Figure 4, as far as the position illus-
trated in Figure 5, in which the engine block B is located
with its top surface facing upwards thanks to the fact that,
during the aforesaid movement, there has simultaneous-
ly occurred a rotation through 180° of the fork-like struc-
ture 27 about the axis 26.
[0021] It should be noted that the frame P3 is annular,
i.e., it has a central opening in such a way that, in the
case where it is rotated with respect to the fork-like struc-
ture through approximately 90° with respect to the con-
dition illustrated in Figure 3, the face of the piece facing
the frame P3 is accessible from the outside for assembly
operations. All the remaining faces of the piece are on
the other hand readily accessible and also available in a
position facing upwards, through corresponding rotations

of the fork-like structure 27 or of the cross-member 24.
The manipulator M2 consequently enables machining on
all six faces of the piece B, without any need to detach
the piece from the respective attachment flange.
[0022] Once the piece has been brought into the work-
station W, the manipulator M1 in any case keeps the
pallet P in the position illustrated in Figure 5, close to the
workstation W, in such a way that the operating robots
are able to pick up the components C from the pallet P,
whilst the piece B is in the workstation W, so that they
can then mount said components on the piece.
[0023] From the foregoing description it is thus evident
that the robot according to the invention is able to adapt
in an extremely flexible way to different specific needs of
assembly of pieces that are different from one another,
given that it has the possibility of positioning the piece
with any desired orientation and at the same time is able
to transfer the piece rapidly and easily between the work-
station W and the conveying line 2 even in the case of
pieces which have shapes that are very different from
one another.
[0024] At the same time, the robot according to the
invention is able to operate with extreme efficiency not-
withstanding the relative simplicity of its structure and
above all the reduced overall dimensions.
[0025] The specific conformation described above of
the first and second manipulators constituting the robot
according to the invention also enables, in implementing
a concrete embodiment of the invention, use for said ma-
nipulators of components already produced by the
present applicant as components of robots currently
manufactured by the applicant. The extreme simplicity
of the structure of the manipulators according to the in-
vention enables in fact adaptation, for the purpose, of
arms and other components that have already been used
for some time for the production of manipulators market-
ed by the present applicant.
[0026] Of course, without prejudice to the principles of
the invention, the details of construction and the embod-
iments may vary widely with respect to what is described
and illustrated herein purely by way of example, without
thereby departing from the scope of the present inven-
tion.

Claims

1. A cell for automated assembly of components and/or
execution of operations on a piece (B) on an indus-
trial production line, comprising a conveying line (2)
for feeding pieces (B) at input to the cell (1) and for
unloading pieces (B) from the cell (1) and means (R)
for transferring a piece (B) from the conveying line
(2) to a workstation (W) in the cell (1), or vice versa,
from the workstation (W) to the conveying line (2),
in which said transfer means include a manipulator
robot (R) with articulated arms, including a first ma-
nipulator (M1) and a second manipulator (M2) which
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have a fixed supporting structure in common and two
mutually independent systems of articulated arms,
one of which is designed to move, in a way inde-
pendent of the second manipulator (M2), a worktable
(7), between a position adjacent to the conveying
line (2) and a position adjacent to the workstation
(W) and the other of which is designed to move a
piece (B), in a way altogether independent with re-
spect to the first manipulator (M1), between a posi-
tion of rest on said worktable (7) and the aforesaid
workstation (W).

2. The assembly cell according to Claim 1,
characterized in that said first manipulator (M1)
comprises a worktable (7), at least one oscillating
arm (5) for supporting the worktable (7), articulated
at one end to the common fixed structure (3) and at
the other end to the worktable (7), motor means (6)
for controlling rotation of said oscillating arm (5), and
a connection system with articulated levers set be-
tween the worktable (7) and the fixed structure (3)
in order to maintain the worktable (7) with a horizontal
orientation during the movement of oscillation of the
aforesaid supporting arm (5).

3. The assembly cell according to Claim 1,
characterized in that said second manipulator (M2)
comprises a pair of oscillating supporting arms (18)
articulated to the common fixed structure (3) and
supporting at their free ends a cross-member (24)
which can turn about an axis thereof (23), and motor
means (19, 25) for governing oscillation of said sup-
porting arms (18) and rotation of said cross-member
(24).

4. The assembly cell according to Claim 3, character-
ized in that said rotatable cross-member (24) in turn
supports in rotation about an axis (26) orthogonal to
the axis (23) of the cross-member (24) a fork-like
structure having two branches (27), mounted oscil-
lating on which is a gripping member (32), for grip-
ping a frame (P3) for attachment and support of the
piece (B), said second manipulator (M2) having fur-
ther motor means (28) carried by the structure of
said cross-member (24) to set said fork-like structure
in rotation.

5. The assembly cell according to any one of the pre-
ceding claims, characterized in that said worktable
(7) is designed to receive a pallet (P) including a
horizontal table (P1) functioning also as support-
magazine for a series of components (C) designed
to be assembled on the piece (B).

6. The cell according to Claim 5, characterized in that
fixed to said horizontal table (P1) is a vertical frame
(P2) designed to receive slidingly a frame (P3) for
support in cantilever fashion of the piece (B)

7. A manipulator robot, characterized in that it com-
prises a first manipulator (M1) and a second manip-
ulator (M2) which have a fixed supporting structure
in common and two mutually independent systems
of articulated arms, in which:

- said first manipulator (M1) comprises a workta-
ble (7), at least one oscillating arm (5) for sup-
porting the worktable (7), articulated at one end
to the common fixed structure (3) and at the oth-
er end to the worktable (7), motor means (6) for
governing rotation of said oscillating arm (5), and
a connection system with articulated levers set
between the worktable (7) and the fixed struc-
ture (3) in order to maintain the worktable (7)
with a horizontal orientation during the move-
ment of oscillation of the aforesaid supporting
arm (5) ; and
- in which said second manipulator (M2) com-
prises a pair of oscillating supporting arms (18)
articulated to the common fixed structure (3) and
supporting at their free ends a cross-member
(24), which can turn about an axis thereof (23),
and motor means (19, 25) for governing oscilla-
tion of said supporting arms (18) and rotation of
said cross-member (24).

8. The robot according to Claim 7, characterized in
that said rotatable cross-member (24) in turn sup-
ports in rotation about an axis (26) orthogonal to the
axis (23) of the cross-member (24) a fork-like struc-
ture having two branches (27), mounted oscillating
on which is a gripping member (32) for gripping a
frame (P3) for attachment and support of the piece
(B), said second manipulator (M2) having further mo-
tor means (28) carried by the structure of said cross-
member (24) for governing rotation of said fork-like
element (27).

9. The robot according to Claim 7, characterized in
that said worktable (7) is designed to receive a pallet
(P) including a horizontal table (P1) functioning also
as support-magazine for a series of components (C)
designed to be assembled on the piece (B).

10. The robot according to Claim 9, characterized in
that fixed to said horizontal table (P1) is a vertical
frame (P2) designed to receive slidingly a frame (P3)
for attachment and support in cantilever fashion of
the piece (B).

11. The robot according to Claim 10, characterized in
that said frame (P3) for attachment has an annular
conformation, with a central opening, to enable ac-
cess also to the face of the piece facing said flange,
when the robot orients said face upwards.
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